Trichomonas vaginalis is a common sexually transmitted parasite that colonizes the human urogenital tract. Infections range from asymptomatic to highly inflammatory, depending on the host and the parasite strain. Different T. vaginalis strains vary greatly in their adherence and cytolytic capacities. These phenotypic differences might be attributed to differentially expressed genes as a consequence of extra-genetic variation, such as epigenetic modifications. In this study, we explored the role of histone acetylation in regulating gene transcription and pathogenesis in T. vaginalis. Here, we show that histone 3 lysine acetylation (H3KAc) is enriched in nucleosomes positioned around the transcription start site of active genes (BAP1 and BAP2) in a highly adherent parasite strain; compared with the low acetylation abundance in contrast to that observed in a less-adherent strain that expresses these genes at low levels. Additionally, exposition of lessadherent strain with a specific histone deacetylases inhibitor, trichostatin A, upregulated the transcription of BAP1 and BAP2 genes in concomitance with an increase in H3KAc abundance and chromatin accessibility around their transcription start sites. Moreover, we demonstrated that the binding of initiator binding protein, the transcription factor responsible for the initiation of transcription of~75% of known T. vaginalis genes, depends on the histone acetylation state around the metazoan-like initiator to which initiator binding protein binds. Finally, we found that trichostatin A treatment increased parasite aggregation and adherence to host cells. Our data demonstrated for the first time that H3KAc is a permissive histone modification that functions to mediate both transcription and pathogenesis of the parasite T. vaginalis.
| INTRODUCTION
Trichomonas vaginalis is the flagellated protozoan parasite etiologic agent of trichomoniasis, the most frequent nonviral sexually transmitted infection. Asymptomatic infection by T. vaginalis is common; however, numerous symptoms and pathologies occur in both men and women, including vaginitis, urethritis, prostatitis, low-birth-weight infants and preterm delivery, premature rupture of membranes, and infertility (Fichorova, 2009; Swygard et al., 2004) . T. vaginalis has also emerged as an important cofactor in amplifying human immunodeficiency virus spread (McClelland et al., 2007; Van Der Pol et al., 2008) and increasing the risk of cervical and prostate cancers (Gander, Scholten, Osswald, Sutton, & van Wylick, 2009; Stark et al., 2009; Sutcliffe et al., 2009; Twu et al., 2014 ).
The genome of T. vaginalis is remarkable; it is the biggest protist genome currently sequenced (estimated to reach up to 175 Mbp in length), encodes~46,000 protein-encoding genes, is composed primarily of repetitive sequences (up to 65% of the genome), and many gene families are highly expanded (Carlton et al., 2007; Kusdian & Gould, 2014) . Transcriptome information currently available reflects the complexity of this genome (Gould et al., 2013; Huang et al., 2012) . Only about half of the protein-coding genes appears to be expressed (Gould et al., 2013) , and individual members of gene families are differently regulated upon environmental changes or within different parasite strains (de Miguel et al., 2010; Gould et al., 2013; Horvathova et al., 2012; Huang et al., 2014; Kusdian & Gould, 2014) . These results indicate that extrinsic and intrinsic regulation accurately controls the fine tuning of gene expression in this extracellular parasite.
Transcriptional regulation governs gene expression and consequently is a key factor defining the fate of individual cells. Early studies in the field of transcriptional control have been focused on the identification of important players that influence the expression of certain genes, which led to the discovery of transcription factors and their correlate DNA elements, such as promoters and enhancers. Specifically in T. vaginalis, the majority of gene expression studies have been focused on the promoter region of protein-coding genes (Hsu, Ong, Lee, & Tai, 2009; Liston, Carrero, & Johnson, 1999; Quon, Delgadillo, Khachi, Smale, & Johnson, 1994; . Analysis of the genome predicted that 75% of protein coding genes were found to be surrounded by a metazoan-like initiator (Inr) element, highlighting the central role that this regulatory element plays in T. vaginalis gene expression (Carlton et al., 2007) . A novel initiator binding protein (IBP39), which interacts with the RNA polymerase II (RNAPII) Carboxyl-terminal domain (CTD) subunit (Schumacher, Lau, & Johnson, 2003) , was identified and demonstrated to recognize this Inr element (Liston, Lau, Ortiz, Smale, & Johnson, 2001 ). With the exception of the Inr, bioinformatics analyses indicate that T. vaginalis does not utilize other previously described eukaryotic core promoter elements (CPEs) to direct transcription initiation . In summary, the initiation of gene expression in
T. vaginalis appears to be primarily regulated by a conserved metazoan-like CPE, the Inr element .
Although transcription initiation of specific genes directed by
CPEs enables basal transcription, levels of gene expression are the consequence of regulatory events. Evidence from other eukaryotes indicates that chromatin structure regulates gene expression through histone modification that alters packaging of DNA and establishes obstacles to transcriptional machinery to operate (Kouzarides, 2007; Schones et al., 2008; Shahbazian & Grunstein, 2007) . Chromatin can be fashioned to be transcriptionally repressive or permissive, dependent in part on posttranslational modifications made to histones, a phenomenon referred to as the histone code (Jenuwein & Allis, 2001; Turner, 2002) . Acetylation of histone lysine residues at the Nterminal domain plays an important role in the opening of chromatin structure as it weakens the interaction of DNA, destabilizes nucleosome structure, and facilitates binding of complexes to promoter regions (Boeger, Griesenbeck, Strattan, & Kornberg, 2003; Reinke & Hörz, 2003; Shahbazian & Grunstein, 2007 ). The steady-state level of histone acetylation is controlled by the dynamic activities of histone acetylases (HATs) and histone deacetylases (HDACs; KatanKhaykovich & Struhl, 2002) , which are specifically recruited to regulatory elements where they influence transcriptional activity (Li, Lin, Wang, Wade, & Wong, 2002) . These enzymes are highly conserved from yeast to human. HDACs can be grouped into four classes: Classes I, II, III, and IV based on their homology to yeast orthologs (de Ruijter, van Gennip, Caron, Kemp, & van Kuilenburg, 2003; Yang & Seto, 2008 Iyer, Anantharaman, Wolf, & Aravind, 2008; Tonkin et al., 2009; Chaal, Gupta, Wastuwidyaningtyas, Luah, & Bozdech, 2010; Sonda et al., 2010; Coleman et al., 2014) , there is no information about the role of epigenetics in transcriptional regulation and its consequences in the pathogenesis process of T. vaginalis.
Despite being of critical importance to the survival of T. vaginalis, the mechanisms used to establish an infection and thrive within its host are poorly defined. Different T. vaginalis strains are highly variable in their adherence, aggregation, and cytolysis capacity (Coceres et al., 2015; Lustig, Ryan, Secor, & Johnson, 2013; Rojas et al., 2004) , even when they have almost identical amino acid sequences (Leitsch et al., 2009; de Miguel et al., 2010; and our unpublished data) . These differences in the pathogenic phenotype could suggest that the proteins mediating these interactions vary greatly, either in abundance or in type between strains (Lustig et al., 2013) . We have previously identified several genes differentially expressed in adherent versus nonadherent strains of T. vaginalis (de Miguel et al., 2010) . Specifically, two hypothetical proteins, BAP1 (TVAG_166850) and BAP2 (TVAG_244130), that were more abundant in highly adherent strains, share 33% similarity on the amino acid level and belong to a family encoded by~100 genes in the T. vaginalis genome (de Miguel et al., 2010) . When either of these proteins was expressed upon transfection of a less-adherent strain, attachment to human cervical epithelial cell lines (Ect1) was increased~2.2-fold (de Miguel et al., 2010) ; suggesting a possible function in parasite attachment for these abundant surface proteins. Here, we show that histone 3 lysine acetylation (H3KAc) is enriched in nucleosomes positioned around the transcription start site of active genes BAP1 and BAP2 in a highly adherent parasite strain; in contrast to that observed in a less-adherent strain that expresses these genes at low levels. Additionally, we demonstrated that histone acetylation is likely responsible, at least in part, for the differential gene expression and strikingly different phenotypes observed between strains. Importantly, we revealed, for the first time, that epigenetics plays a central role in regulation of gene expression and contributes to T. vaginalis pathogenesis.
2 | RESULTS 2.1 | H3KAc is abundant at the promoters of active genes differentially expressed at higher levels in adherent strains
In most eukaryotes, acetylation of histones located in gene promoters precedes the activation of many genes by creating a suitable chromatin environment that allows for the assembly of the transcriptional machinery. As this epigenetic mark has yet to be described in T. vaginalis, we first carried out an immunofluorescence assay using antibodies against H3KAc to investigate whether H3KAc is present in the parasite's nucleus. The commercial antibody used specifically recognizes histone H3 acetylated at lysines 9, 14, 18, 23, or 27 (Abcam) . Importantly, the acetylated lysine residues in T. vaginalis core H3 protein sequences are 100% conserved comparing to the human peptide used to generate the antibody ( Figure 1S ). As expected for histones labeling, we found that the signal was restricted to the nucleus of two strains (G3 and B7268) tested, with no cross-reaction with cytosolic proteins (Figure 1a ).
To elucidate whether the status of H3KAc is correlated with active transcription of genes, we developed a chromatin immunoprecipitation (ChIP) assay for T. vaginalis. The abundance of H3KAc was monitored along BAP1 and BAP2 genes (de Miguel et al., 2010; Riestra et al., 2015) in high-adherent (B7268) versus less-adherent (G3) strains (Figure 1c ). These genes were selected as they present a marked difference in expression between the analyzed strains when analyzed by quantitative polymerase chain reaction (qPCR; Figure 1b) ; with both being abundantly expressed in the B7268 and poorly expressed in the G3 strain. We designed sets of primers targeting the promoter (−0.5 kbp from the Transcription Start Site (TSS)), the proximities of the 5′UTR (+0.5 kbp from the TSS), and the coding sequence (+2.0 kbp from the TSS) for each BAP gene (Figure 1c) . Interestingly, we found a strict positive correlation between the level of BAP expression ( Figure 1b ) and the abundance of H3KAc in the analyzed strain (Figure 1c ). High expression of the BAP genes is accompanied by high occupancy of H3KAc in the proximities of their 5′UTRs in highly adherent B7268 strain. Conversely, low expression of BAP genes correlates with low abundance of H3KAc in less-adherent G3 strain (Figure 1b,c) . Notably, the greatest variation on the abundance of H3KAc was observed in the proximity of the 5′UTRs; where the Inr regulatory motifs are located for both BAPs. In order to exclude the possibility that variations on transcription between strains could be consequence of nucleotide differences on the promoter region of BAP1 and BAP2 genes, we have amplified and sequenced~300 BP of their promoter regions in B7268 and compared to G3 strain (genome sequence). No differences were observed at nucleotide level among strains within BAP2 promoter and only two nucleotides differed in the promoter region of BAP1 ( Figure 2S ). Importantly, those two nucleotides are not located within the Inr sequence.
| Histone acetylation regulates gene transcription
Histone acetylation is strictly controlled by the concerted activity of Figure 2c ). Additionally, it should be noted that incubation of parasites (14 hr) with up to 800 nM TSA did not affect parasite viability ( Figure S3 ). We then analyzed whether TSA treatments modified the levels of mRNA expression of five genes (BAP1, BAP2, TVAG_110300, TvTSP2, and TvTSP8) enriched in the surface proteome of highly adherent compared to weakly adherent strains (de Miguel et al., 2010) . RNA samples collected from G3 treated with different concentration of TSA were analyzed by real-time quantitative polymerase chain reaction and compared with the expression of the genes in untreated G3 and B7268 strains ( Figure 3 ). The expression of all five genes was strikingly increased (in a dose-response manner with the exception of TVAG_110300) after TSA treatment. Concentration of TSA as low as 100 nM produced a substantial increase in the expression of all the analyzed genes ( Figure 3) . Interestingly, BAP2 and TVAG_110300 were the most upregulated, increasing~250-and 330-fold, respectively, when parasites were treated with 400 nM TSA ( Figure 3 ). It is notable that the expression of some genes in G3 TSA-treated parasites resembles what is observed for the highly adherent B7268 strain. We then evaluate the effect of TSA in the adherent strain B7268, which already have high level of histone acetylation.
Interestingly, only a~2.3-and 1.9-fold increase in BAP1 and BAP2 transcription upon treatment with 400 nM TSA when compared to untreated B7268 parasites is observed ( Figure 4S ). As control, the expression of a constitutively expressed hydrogenosomal gene (Hmp24) was analyzed (Figure 3) . Importantly, only a minimal change in Hmp24 expression was observed upon TSA treatment; highlighting the specificity of the treatment. These results demonstrate for the first time that histone acetylation/deacetylation play an important role regulating gene transcription in T. vaginalis.
In concordance, ChIP analysis indicate that TSA treatment of G3 strain results in an increase in the abundance of H3KAc at the BAP1 and BAP2 loci, which are normally hypoacetylated in this strain (Figure 4) . Moreover, the abundance of H3KAc in some regions of BAP1 and BAP2 genes on G3 TSA-treated parasites is comparable, or in some cases even higher, to the level of H3KAc observed in the highly adherent B7268 strain. Collectively, our data provide strong evidence that treatment of a weakly adherent strain with TSA induced histone hyperacetylation and upregulation of genes encoding proteins normally enriched on the surface of highly adherent strains (de Miguel et al., 2010) .
| TSA treatment relaxes chromatin structure
It has been well demonstrated in different biological systems that histone acetylation plays a crucial role in relaxing chromatin structure, thus allowing DNA-bound transcription factors to exert higher Abundance of histone H3 acetylation was analyzed by western blot in B7268, G3, and after treatment of G3 parasites with 400 nM of TSA using an antiacetylated histone 3 antibody (α-H3KAc, upper panel). A western blot using antitubulin (α-tub, middle panel) was included to demonstrate that similar amount of protein was loaded in each lane. A western blot using an antiacetylated tubulin (a-Tub Ac, lower panel) was included to demonstrate the specificity of the treatment. HDAC, histone deacetylases; H3KAc, histone 3 lysine acetylation; TSA, trichostatin A FIGURE 3 Expression analysis of five genes differentially expressed upon treatment with TSA. G3 parasites were exposed to increasing concentrations of TSA and expression was analyzed by RT-qPCR normalizing against tubulin housekeeping gene. Expression level of five transcripts previously identified as differentially expressed in G3 (less adherent) and B7268 (high adherent) were examined. As control, the Hmp24 gene was included. Data are expressed as -fold increase compared to G3 0 nM ± the standard deviation of the mean. All tested mRNA levels are upregulated after TSA treatment. All experiments were carried out in triplicate in three independent experiments. A representative experiment is shown. RT-qPCR, real-time quantitative polymerase chain reaction; TSA, trichostatin A FIGURE 4 Abundance of histone H3 acetylation within BAP genes upon TSA treatment. Levels of histone H3 acetylation within BAP1 and BAP2 genes obtained by ChIP using an anti-H3KAc antibody. G3 untreated (blue), G3-TSA treated (light blue), and B7268 untreated (red) parasites were examined over the gene regions −0.5, +0.5, and +2 kbp from TSS. H3KAc IP levels were normalized to input and G3-0.5 kb untreated control. Arrows depict the TSS, boxes represent the protein coding sequence and regions amplified are depicted as bold lines under each graph. ChIP, chromatin immunoprecipitation; H3KAc, histone 3 lysine acetylation; TSA, trichostatin A transcriptional potentials (Asahara et al., 2001; Dilworth, Seaver, Fishburn, Htet, & Tapscott, 2004) . In order to isolate nucleosomedepleted DNA from T. vaginalis chromatin, formaldehyde-assisted isolation of regulatory elements (FAIREs) was perfomed, as chromatin isolated using FAIRE is negatively correlated with nucleosome occupancy (Giresi, Kim, McDaniell, Iyer, & Lieb, 2007) . Chromatin of TSA treated and untreated control G3 parasites was cross-linked with formaldehyde in vivo, sheared by sonication, phenol-chloroform extracted and analyzed by qPCR. Interestingly, the DNA recovered in the aqueous phase after TSA treatment is 4-and 3-fold enriched for BAP1 and BAP2 genes, respectively, compared with untreated cells (Figure 5 ).
Hence, our results reflect that TSA treatment increase histone acetylation leading to an open conformation of the chromatin structure.
| Increased histone acetylation enables binding of IBP39 transcription factor
Bioinformatic analyses indicates that the DNA-binding transcription factor IBP39 activates transcription on~75% of known T. vaginalis genes and is thus a key factor regulating gene expression. However, the relationship between the accessibility of IBP39 to the Inr regulatory element to which it binds (Liston et al., 2001 ) and the chromatin structure has not been eluci- (Figure 6c) , unlike that observed for control parasites transfected with the EpNeo vector. As a control, we evaluated nonspecific binding in +2 kbp regions of BAP1 and BAP2 genes as these regions lack the Inr regulatory element (Figure 6c ). The results indicated that the accessibility of IBP39 to the Inr binding sites is strictly dependent of the acetylated state of the histones and the chromatin structure; suggesting that H3KAc is a permissive histone modification associated with transcriptional activation.
| Histone acetylation regulates parasite aggregation and adherence to cervical cells
We have previously noted that highly adherent strains generally aggregate in cell culture, in contrast to less-adherent strains (such as G3; Coceres et al., 2015) . Moreover, this observation has been correlated with the ability of the strain to adhere and be cytotoxic to host cells (Coceres et al., 2015; Lustig et al., 2013) . On the basis of our observation that treatment with TSA led into an upregulation of genes that encode for surface proteins in G3 strain that are over expressed in highly adherent strains (Figure 3 ), we tested whether this effect is accompanied with an increase in the aggregation capacity of those parasites. Interestingly, we observed that in the presence of TSA the G3 strain exhibited a dose-dependent increase in clump formation (Figure 7a,b) .
Although aggregation (parasite to parasite) and cytoadherence (parasite to host) are two mechanisms that might be differentially regulated, the more the parasite aggregate to one another, the more adherence, as one adhering parasite carries others to the surface of the host cells. Hence, to determine if clump formation is accompanied with an increase capability of the parasites to adhere to the host cells, we performed adherence assays with host cells (Figure 7c ). Our results demonstrated that 400 nM TSA treatment resulted in an increase of attachment to host cells~2.5-fold, compared to nontreated G3 parasites ( Figure 7c ). These results unambiguously demonstrated for first time that epigenetic changes may be a key factor in regulating the adherence capacity of different T. vaginalis strains. (Table   S2) , with most organized as gene pairs in a head-to-head manner (Cong, Luo, Bao, & Hu, 2010) . Histones generally carry posttranslational modifications, primarily either acetylations or methylations.
Here, we analyzed the role of histone acetylation in T. vaginalis and found that it plays a key role regulating transcription and parasite (Table S2 ). The expansion of genes encoding both HATs and HDACs (Iyer et al., 2008; Religa & Waters, 2012) (Chaal et al., 2010; Ehrenkaufer et al., 2007; Freitas-Junior et al., 2005; Janzen et al., 2006; Tonkin et al., 2009; Duraisingh et al., 2005) . Similar to our data, treatment with drugs that disturb histone acetylation affected overall gene expression and stage conversion in Entamoeba histolytica (Ehrenkaufer et al., 2007) and Toxoplasma (Saksouk et al., 2005) , respectively. Additionally, differential acetylation in the promoters of stage-specific genes during stage conversion has been demonstrated in Toxoplasma (Saksouk et al., 2005) . Importantly, in Plasmodium falciparum, the var gene family, involved in antigenic variation, is transcribed in a mutually exclusive fashion and the NAD ± dependent HDAC family cooperates to achieve silencing of the full var gene repertoire (Tonkin et al., 2009 ). These observations highlight that epigenetic factors are key determinants of pathogenicity in malaria infection (Tonkin et al., 2009 ). In concordance with that previously observed in other eukaryotic pathogens, we found that gene expression of surface genes appears to be sensitive to the acetylation status of core histones in T. vaginalis. Histone acetylation modulates IBP39 binding. (a) Parasites (G3 strain) transfected with IBP39 HA-tagged on the C-and N-terminals (IBP39-HA) were stained for immunofluorescence microscopy using a mouse anti-HA antibody. The nucleus (blue) was also stained with DAPI. The nuclear localization of IBP39 was observed in more than 50 parasites in two independent transfections. (b) Scheme of 5′UTRs containing the Inr element (highlighted in yellow) in the BAP1 and BAP2 genes. The ATG translation initiation codon is shown in green. (c) Stably transgenic parasites expressing IBP39-HA were processed for ChIP by using a mouse anti-HA antibody. The promoters of BAP1 and BAP2 genes were tested as they contain an Inr motif. +2 kbp region of each BAP1 and BAP2 was used as control for non-specific binding as this region lacks the Inr element. Parasites transfected with empty vector (EpNeo) were used as a negative control. Levels of IBP39 binding were normalized to input and G3 untreated control. ChIP, chromatin immunoprecipitation; IBP39, initiator binding protein; Inr, initiator ; however, the relationship between basal transcription machinery and chromatin structure has not been previously analyzed. A metazoan-like TATA promoter element appears to be absent in trichomonad promoters and an Inr sequence has been identified as the only known core-promoter element in this organism . The Inr promoter element was found in ∼75% of the protein coding genes and the majority of these utilize the Inr to direct transcription initiation; supporting its central role in gene expression (Schumacher et al., 2003 ). An IBP39 was isolated, and its fundamental role in transcription has been demonstrated (Liston et al., 2001 ).
The level of acetylation of lysine residues on histone tails has been demonstrated to dictate chromatin structure (Boeger et al., 2003; Reinke & Hörz, 2003; Shahbazian & Grunstein, 2007) and provide landmarks necessary for gene transcription or silencing (Millar & Grunstein, 2006; Strahl & Allis, 2000) . Here, we show that IBP39 binding to the Inr element is strictly dependent of the acetylated state of the histones and the chromatin structure. Specifically, increased histone acetylation opens the chromatin structure and favors the binding of this transcription factor to the Inr motif at BAP1 and BAP2 genes allowing gene transcription. In contrast, low acetylation of histones results in a closed chromatin structure that blocks the IBP39 binding to the Inr motif. Thus, this is the first study that exemplifies the mutual dependence and complex crosstalk among epigenetic players, chromatin structure, and basal gene expression machinery on T. vaginalis.
Interestingly, parasitic protists, irrespective of their phylogeny, typically possess fewer specific transcription factors (Iyer et al., 2008) . This observation, in concordance with our data, suggests that transcriptional regulation in parasites may heavily rely on epigenetic regulation.
As an obligate extracellular parasite, the surface of T. vaginalis is likely to function in multiple ways to establish, maintain, and modulate infection (Ryan, de Miguel, & Johnson, 2011) . Interestingly, we demonstrated that histone acetylation can regulate the expression of genes encoding membrane or membrane associated proteins that are implicated in parasite aggregation and adhesion to host cells (Coceres et al., 2015; de Miguel et al., 2010) . Specifically, we found that TSA treatment of a weakly adherent strain lead into the upregulation of genes encoding proteins differentially expressed on the surface of highly adherent strains (de Miguel et al., 2010) . Interestingly, our data also revealed that adherence and aggregation of T. vaginalis is highly dependent on the acetylated state of histones, as increased histone acetylation leads to an increase in parasite aggregation and adherence to host cell. These observations are consistent with increased expression of surface associated genes after TSA treatment being the responsible, at least partially, for increased parasite clumping and adhesion of the parasite to human host cells. Moreover, the increased TSP8 expression and increased parasite aggregation in TSA-treated parasites (Coceres et al., 2015) is in agreement with our recent observation that transfection of parasites with surfacelocalized TSP8 promotes the ability of a nonclumping parasite strain to aggregate, (Coceres et al., 2015) . Taking together, these data support that an increase in TSP8, BAP1, and BAP2 expressions, observed upon TSA treatment may be facilitating, critical properties that play a role in parasite pathogenesis. 
| Immunolocalization experiments
Parasites in the absence of host cells were incubated at 37°C on glass coverslips as previously described (de Miguel et al., 2010) Cross-linking was stopped by the addition of 125 mM glycine, followed by incubation on nutator for 5 min at room temperature. Cells were harvested, washed in 1 ml PBS/PI, and resuspended in 1 ml nuclear extraction buffer followed by homogenization in a dounce tube to help release the nuclei into the solution. After the centrifuga- Immunoprecipitated DNA was treated with 0.2-μg/ml RNase A and 0.2-μg/ml proteinase K both for 1 hr. Phenol/chloroform/isoamyl alcohol extraction was performed followed by EtOH precipitation. Finally, the purified DNA was used as a template for qPCR analyzes. Binding to three regions along the BAP1 (TVAG_166850) and BAP2
(TVAG_244130) genes were analyzed: −0.5 kb from TSS; +0.5 kb from TSS; and +2.0 kb from TSS. The primers used are described in Table S1 .
Each sample was loaded in triplicate and the results were expressed as % input relative to −0.5 kb from TSS region of G3 strain.
| Formaldehyde-assisted isolation of regulatory elements
Trichomonas vaginalis was treated with 400 nM TSA for 14 hr in triplicate and grown to a density of 1 × 10 6 cells/ml. Cells were crosslinked, lysated, and sonicated as described in ChIP assays. Sonicated DNA was split in two tubes: input and FAIRE DNA sample. Input was treated with RNAse-I and proteinase K and then incubated overnight at 65°C to reverse cross-linking. FAIRE DNA was subjected to DNA extraction with an equal amount of phenol/chloroform/isoamyl. DNA was then ethanol precipitated, treated 30 min at 37°C with RNAse-I and 1 hr at 55°C with proteinase K. After purification, FAIRE DNA was incubated overnight at 65°C to reverse any DNA-DNA crosslinks. The input DNA was then purified using phenol/chloroform/ isoamyl extraction followed by ethanol precipitation. Finally, the level of open chromatin was examined by qPCR. Inr promoter regions of BAP1 (TVAG_166850) and BAP2 (TVAG_244130) genes were analyzed. The primers used are described in Table S1 . Each replicate sample was loaded in triplicate, and the results were expressed as % input relative to untreated G3 strain.
| Quantitative PCR
Total RNA was extracted from~4 × 10 6 T. vaginalis using TRIzol Table S1 .
| IBP39 expression in T. vaginalis
The IBP39 gene was cloned into the Master-Neo-(HA) 2 plasmid (Delgadillo, Liston, Niazi, & Johnson, 1997) . Electroporation of T. vaginalis strain G3 was carried out as described previously (Delgadillo et al., 1997) with 50 μg of circular plasmid DNA.
Transfectants were selected with 100 μg/ml G418 (Sigma).
| Parasite aggregation
Parasite aggregation was analyzed in anaerobic conditions when parasites reach a concentration of 10 6 parasites/ml using a Nikon E600
epifluorescence microscope with a magnification of 10×. Adobe Photoshop (Adobe Systems) was used for image processing. Quantification of clumps in 30 fields was analyzed per treatment. T. vaginalis was labeled with 10-mM CellTracker Blue CMAC (7-amino-4-chloromethylcoumarin) (Invitrogen), and 10 5 labeled parasites in 0.5 ml of keratinocyte medium (Invitrogen) were added (1:3 parasite to host cell ratio) in triplicate. Plates were incubated at 37°C in 5% CO 2 for 30 min. Coverslips were subsequently washed in PBS, fixed with 4% paraformaldehyde, and mounted on slides with Mowiol (Calbiochem). Twenty 10× magnification fields were analyzed per coverslip with three coverslips per treatment.
| Adherence assay

| Statistical analyses
Graphs were made and statistical analyses performed using GraphPad Prism. Independent experiments were performed a minimum of three times with at least three technical replicates per experiment. Two sample t tests or analysis of variance were used to determine significance.
Data are expressed as standard error of the mean (±SEM).
